It is well known that the two roles of pulmonary surfactant protein (SP) include the reduction of surface tension at the air liquid interface in alveoli \[[@r4], [@r18]\] and the regulation of immunological defense mechanisms in the lung \[[@r2]\]. The latter is particularly mediated by SP-A and SP-D, which are two of four subgroups of pulmonary SP \[[@r25]\]. Pulmonary SP is mainly synthesized and secreted from type II cells and airway Clara cells \[[@r24]\], and it is considered that SP-A leaks into the blood stream after lung injuries in human \[[@r10]\].

In Japan, serum SP-A concentrations in humans are clinically useful as a diagnostic biomarker of respiratory diseases \[[@r11]\]. In dogs, the aspect of cSP-A has been known for a long time \[[@r12]\]; however, there are no methods to measure cSP-A concentrations. Recently, it has been reported that methods to measure cSP-A concentrations using sandwich ELISA have been developed \[[@r20]\] and that the serum cSP-A concentrations in dogs with aspiration pneumonia, primary lung tumors and blunt traumatic lung injury are higher than those in healthy dogs \[[@r21]\]. The cause of this increase in serum cSP-A concentration is considered to be an increase in SP-A secretions at the lung lesion or leakage from lung lesions into the bloodstream. Therefore, the elevation ratio of serum cSP-A concentration in each respiratory disease may be different, but this is unknown in dogs. In this study, bronchoalveolar lavage fluid (BALF) and serum cSP-A concentrations were measured whether types of respiratory diseases in dogs with chronic cough can be classified by these concentrations.

A total of 19 BALF samples from right middle, accessory or left caudal part of cranial lobe and 19 serum samples from 19 dogs were examined. These dogs were referred to the Animal Medical Center of Nihon University (2005.4--2010.3) to diagnose and consult with regard to long-term therapy for the clinical signs of chronic cough lasting for at least two months. These breeds were miniature dachshund (N=12), Pembroke Welsh Corgi (N=3), Shih Tzu (N=2), Border collie (N=1) and Shetland sheepdog (N=1). BALF samples were gently aspirated through a biopsy channel of the bronchoscope after infusing with sterile saline (0.9% NaCl) solution (40 m*l*, divided in 2 aliquots) under general anesthesia with isoflurane, and at the same time, 1 m*l* of whole blood samples was collected from the jugular vein. Serum was then retrieved from the blood samples. All samples were immediately stored in the refrigerator at −20°C until analysis. In addition, the dogs were diagnosed chronic bronchitis (N=8, 6.3 ± 2.4 years old, CB group), diffuse panbronchiolitis (N=6, 7.0 ± 2.6 years old, DPB group) and idiopathic pulmonary fibrosis (N=5, 7.2 ± 3.0 years old, IPF group) by lung patterns on chest CT images ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Examples of three lung patterns on CT imaging. A: bronchial pattern in chronic bronchitis; B: interstitial pattern by diffuse granular shadows in diffuse panbronchiolitis; C: interstitial pattern by ground glass opacity with septal thickening in idiopathic pulmonary fibrosis.) and bronchoscopic examination, and cardiac diseases were ruled out.

BALF and serum cSP-A concentrations were measured in a manner similar to that of ELISA, which was previously reported \[[@r20]\]. Two different capture and detection antibodies, mouse anti-canine SP-A monoclonal antibodies (MAB3272 and MAB3274, CHEMICON International, Inc., Temecula, CA, U.S.A.) and a Protein Detector ELISA Kit (Kirkegaard & Perry Laboratories, Inc., Gaithersburg, MD, U.S.A.) for a two-site sandwich ELISA were used. A standard curve was prepared using purified cSP-A \[[@r8], [@r13]\] from stocked BALF samples of clinically healthy dogs, which were used in a previous study \[[@r22]\]. In preliminary examination, this assay showed the detection limited of 3.1 *n*g/m*l* and the coefficient of variation of 1.28--8.92%. Furthermore, BALF and serum cSP-A concentrations in healthy adult dogs were 2,033 ± 1,214 *n*g/m*l* and 23 ± 13 *n*g/m*l*. In addition, BALF cSP-A concentrations were corrected by urea concentrations (QuantiChrom^TM^ Urea Assay Kit, BioAssay Systems, Hayward, CA, U.S.A.) in serum and BALF \[[@r17]\].

Data obtained from the groups were analyzed for normality by the Shapiro−Wilks test and equal variance by the *F*-test. Mean and standard deviation (SD) or median with minimum and maximum values was used to describe parametric and nonparametric continuous variables, respectively. More than two groups of continuous variables were compared by one-way analysis of variance or Kruskal−Wallis test. If *P*\<0.05, the unpaired *t*-test or Mann−Whitney rank sum test was used in pairwise comparisons to determine which groups were significantly different. *P*\<0.05 was considered significant. All statistical analyses were performed with a statistical software package (SigmaPlot for Windows Version 12.0, SYSTAT SOFTWARE, INC, San Jose, CA, U.S.A.).

BALF cSP-A concentrations were 3,636 ± 1,632 *n*g/m*l* in CB, 1,585 ± 988 in DPB and 2,897 ± 2,119 in IPF groups. There were no significant differences among three groups in BALF cSP-A concentrations and the concentrations corrected by urea concentrations (139,038 ± 80,819 *n*g/m*l* in CB, 76,293 ± 84,685 in DPB and 99,667 ± 120,606 in IPF groups). Serum cSP-A concentrations were 45 (22−59) *n*g/m*l* in CB, 224 (69--696) *n*g/m*l* in DPB and 91 (61--135) *n*g/m*l* in IPF groups. There were significant differences among three groups (*P*\<0.001), and serum cSP-A concentrations in both of DPB and IPF groups were significantly higher than those in CB (*P*≤0.05) ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Plots of serum SP-A concentrations in dogs with chronic cough. Horizontal bars: median, CB: chronic bronchitis, DPB: diffuse panbronchiolitis and IPF: idiopathic pulmonary fibrosis. *P*\<0.05: significant and NS: not significant different between two groups.).

It is challenging to diagnose between respiratory or cardiac disease as primary reasons of chronic cough in dogs. The biomarkers of cardiac diseases, such as ANP, BNP, NT-proBNP and cBNP, have been developed. These increase and are higher in dogs with severe cardiac disease than in those with respiratory disease and chronic cough \[[@r1], [@r3], [@r5], [@r15]\] and can now be commercially measured during routine clinical practice. In contrast, no clinically useful and specific biomarkers for lung injuries in veterinary medicine are available.

In the lung, pulmonary SP-A enhances pathogen clearance and regulates adaptive and innate immune cell functions \[[@r25]\]. In rats, for example, BALF SP-A concentrations decrease in bacterial pneumonia to detect the pathogen and increase in *Pneumocystis carinii* pneumonia for an immune response to specific pathogens \[[@r19]\]. In horses, BALF SP-A concentrations decrease after prolonged transportation, and this downregulation of lung host defense is considered as one of the mechanisms of transportation-induced fever \[[@r7]\]. In humans with IPF, BALF SP-A concentrations decrease, and the survival time of patients with lower BALF SP-A concentrations is short \[[@r16]\]. In contrast, serum SP-A concentrations are higher in patients with IPF \[[@r14]\] and reflect the disease activity of IPF \[[@r9]\]. In addition, serum SP-A concentrations in patients with other interstitial lung diseases, radiation pneumonitis \[[@r23]\] and acute respiratory distress syndrome \[[@r6]\] are higher than those in healthy individuals. In this study, dogs with two types of interstitial lung diseases, DPB and IPF, had the higher serum cSP-A concentrations, and the serum cSP-A concentrations in four dogs with CB were below 49 *n*g/m*l*, the maximum range (mean + 2SD) in those of healthy dogs. Therefore, we considered that the level of SP-A secretions at the lung lesion is similar in bronchial and interstitial lung diseases but the leakage from lung lesions into the bloodstream increases in interstitial lung diseases, and the damaged bronchioles and alveolar walls are probably essential for detecting the increased serum cSP-A concentration.

Our study had several limitations. First, this study is unable to assess the progress of interstitial lung disease, because the lung lobe that BALF was sampled was usually damaged on all of lung fields in DPB and IPF. However, the CT values of lung field in IPF were likely higher than those in DPB. Second, our cases were limited to mild to moderate respiratory diseases, because of the need for bronchoscopy.

In summary, serum cSP-A concentration may be a useful and noninvasive biomarker to indicate the damage of the lung interstitium in dogs with chronic cough.

We are thankful to Dr. S. Hobo of Kagoshima University for teaching us to purify SP-A. In addition, we thank the undergraduate students in the Laboratory of Veterinary Pharmacology, Ms. N. Fujikura, Ms. N. Kanzawa and Ms. A. Koike, for their valuable technical assistance. This study was supported by many interns in the Animal Medical Center and Nihon University Individual Research Grant (2005 & 2008), and we are thankful to members of the Veterinary Comparative Respiratory Society (VCRS) for their suggestions on presentation of our preliminary results at the 26th Annual Symposium of the VCRS meeting, Oklahoma, 2008.
